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Abstir act

The usefulness of remotely sensed surface
data dapends on the ability to correct
for atmospheric pertubaticns on the
lLnage. An atmospheric correctian
algqorithm has been propcsed by Gerstl and
D1mn@ (Ref.l) which renuves  atmospheric
pertubations from off-nadir neasur ed
radiances at the taop of the atmeaphare in
thw 131Dl %2 and rear-infrared wavelenyth
TR T™a@ ability of the wmodel to
reproduce radlance Jdistributions at  the
s f=te from radiances at the top a2f the
-tmogpher? % thaeted and found to be
st bar then 15%. The correction
farmalisn regquires as hinlmwh 1nformation
Fhe total wptical depth of the atmosphere
ani the surface® aelbedo. In this study the
accuaracy wf Lhe  anodal L2 asaumptiaons
abount Lthe aerosasl phase function., the
pingle-scattaring albedo and the vertical
profile of the optical depth 18 also
buwated,

1. lntroduction

Bi1ynals received bv radiometers aboard
alrcraft or satellites 1n the visible or
naar -infrared wavelength region -ontain
information about the Earth's surface and
the atmosphera. In the cacse o0f surface
emote  sanalng, the atmospheric signal
io undewirable bucause 1t tence to blurr
the dJdata and theretore males surface
identificatron nGr S difficult
(Fet.2) . These atnospheric effects
Jepend un Many parametars including

sur face reflectance Charactaristics,
aerosol and QAsenus optical
characteristics, cloudas, solar :zonith

Aangle and Jdirection of oabsarvation f
Off--nadir sensors are considerd. Since
Rff-nadir remote sending provides im-
portent information about vege'ative
3 faces (Refé.2), {t 13 deairable to have
an atmospaeric correction algurithm
waable for off-nadir look angles. Such an
Atmospheric correction algorithm Nnas
recantl v been proposed by QGerstl ang
Simmar (Ref.l) . The algorithn retrieves

MS-F371

tha angular distribution of the reflected
radiancae dJdirectly above a non-Lambertian
surface from radiance neRasurements at the
top of the atmosphere . This algorithm
15 tested and its range of applicability
doternined.

2. Model Description

The si1gnal reaceived by a radiaonetar
abocard an aircraft or satellite consists
wf three componenta:

(1) radiation from the .1ewed surfacse,
nadified by the atmosphere

(2) radiation that Jdoes rot reach the
surface and comes tw khe aensor
through atmospheric ascattering

() adiation from swrounding surfaces
outsi1de the instantaneous field of
vidw of tha sensor ("ad) acency
«f fect", see Ref.4).

Comparents 2) and (3 contain no infar-
mation about the i1nvestigated surface and
have to be removed from bthe s19nal,
wharess only (1) contaings the desired
iribormation., [n the folluwiny atudy we
naglect the contribution from () and
limit ourasl.we tuo one-dimensional cal-
el atlons, he correction alnyorithm
tvated 19 based upon the fact that for
low optical depth the atnuspheric effects
b14) the surface are mainly additive
(Ref.1l) and therafore can be wubtracted
f1rom the reflectance data .t the top of
the atnmosphere to derive the reflectance
Jiatributtion at the aur fare. To
calculate the atmospheric effmct, the
mintmum tnfurmation roquired 19 the total
nptical  depthT of the atmosphare and the
aur face alhedo ot , The corraction
algurithm has tre following forme

* derived "’.‘a' )‘ L4 (.1-' lﬁ )- B\.‘n‘:. 'y."ﬁ)- Rllll("’faﬂ
R (e 3)- R (1) (1)



The symbal R stands for the rnormalized
radiance distribution function as de-
fired 1n Ref.l and 1s called "reflec-
tance" for brevity.

-
R(Z'O‘n) 1 derived reflectarce &t the

surface
-l
‘R(z....n.) : sinulated measured reflec—
! Lance at thke top of the
atmosphere
frnes , =
RL."‘(Ii) : calculated atmospheric effact

?‘! @".a): calculated reflectance at the
Wnglites top of the atmosprere with an
optical thickness T above a
Lanbartian surface with

albadodt

4.y 4
‘R,_.,,'(i-vlﬂ)= calculated reflactance above
the Lambertian surface witn
albedoa.

4 - . “

'R‘;“(I...‘-Q)and R.‘.'.‘(i",-d)_-‘.re calcul ated hv
solving the radiative transfer equation
in plane-parallel slab geometry with tre
conpute@r code ONEDANT which 13 descrihed
in Ref %, In addrtion to the hotal opti-
cal Jepth the etmoephere can be charac-
teri:aed by tre Lortical profiles of tha
wpti-al Jdepth, phas@ function and single
acattering  albedo v Lf  avarlable. [#
this 1nformation 1% not asaitlavle ard
the  algortithm is applied to actual
satellite data, assumptions about these
purameters must e  made.

Far . graph studies the accuracvy of
the model under complete | nowledge of
LA stmoapheric radi ation paraneters
4N paragraph 4 1nvestigates the sensi-
tivity of the model to assumptions of
those parameters.

T« Model Accuracy

Calculations were made with a five layer
mode! atmoaphere, representing a mid-
latitude summer atmosphere, with a rural
anrnsol and 27 im surface visual range 1n
the: Boumdary iaver. The aerosol phase
function 18 approimated by the Henyey-

Croennteln function which 13 only a
tunction of the asymmetry parameter g
Quere computati anal model uses 144
JrHdcruete direchtions 1n ®ach hemis-
phiare and &« phase function e:ipansion
aof 17 lLegendre moments. To simulate

nasuremente made at the top of the
atmosphere, transport calculations are
Aade with a4 neasured bidirectional
reflectance distribution function (BRDF)
representing con) ferous forest and
% /anhah ( Ref.b& ) in the Jiaihle
nectral regian (A =0,85 Mm  wna naar -
infrared wavelength region (AR=0,835um) for
four golar zenith angles ( = e*. 20°,a4%°

407 ), The reflectarce at the surface

("ground truth") was also derived from
the calculations. The corraction was made
with the same atmospheric parameters.
but Lambertian surface with the albedo of

conl ferous forest at A =D.65Fm and
A =0,9% (e =0,01% and ©.097) and the
albedo of savannah for A=0.65um

(@=0,092), In the visible reflectancea
at the surface can be raproduced with

an  error aof lass then 1S4 for co-

Nl ferous forest and lass then 1Q% far

savannah with vsi1ew zenith angles and

salar zemith argles smaller then 609,
For A =0.3%um tha error i3 less then 8%
Foar zenith angles asmaller than &0°.

}. Model Sansitivity

1t ti@ total optical depth of the atmos-

chara 1% bnown, assumptions have o be

nala  about the rertical profiles of:

- phase function as expressed b, theae
asvmmatr «+  paransatar  Q(3)

- 317gle scattering albedo W ()

- aphizal depth T (2)

T2 study the sensitivity ot the model to
these assuwnptions., calculations were made
with variations of g(z), @ /2) and T (2)
Lty one raefarence case (Fi1g.1) that s
choosen as
- A 30,65 um
- midlatitude summer atmosphere
- rural aerosol in the houndary laver
(1 to 2km) with a surfare visual range
of 22 km o
- s0lar zenith angle 20
- measured BRDF of coniferous forest.

The vertical profiles of g, & and T for
the reference model are shown 1n table 1.
To perform tha sensitivity study, only
one Oof the three parameters wag varied
and all others lkept constant in the
following wavl

- 1@t 9 to a constant value 1n all
layera

- cthange of € 1n the btourdary laver and
troposphare., teeplri- ) the total optical
Japth constant

- gat < to 1.0 1n all layers.

To study the 1nfluence of the ortical
profile of T , leaving the total optical
thichness constant, T was 1ncreancd in
the boundary layer and correspondingly
Jecreasad in the troposprnere and vice
vl Bd.

Atrl.' s -ATs (Z)

nly the asrosol aptical thichness was
changad =si1nce this is the most variable
parameter.Thare were no changes made (n
the optical dJdepth o0f the upper atmos-
phere gince thiu itnfluence 1s neglegible.
Ng can by _seen from Fig.2 the flux

dd JL(0,4)ces 8 2inOdO (3)

dep [ 1T ]
( L. ta the radiance) at the tap of Lhe
atmosphere 13 atgnificantly 1nfluenced
whwns¥g 1w positiv or negativ., [f 4T



nagativ, the total downwurd flu: at the
surface 19 reduced, and therefore the
ainount of 2nargy absorbed by the surfzce
13 emaller than 1441u:5 posi1 tive. But
the err-or

1‘."“(‘ (a'ora')' R rimuloled (a-o..?l)
1Jin-l¢ld (a.ﬁ) ("0 )

tducad  Ev raducing or 1ncreasing T 1n
e boundary laver (Fa13.2' bty the sama
amournt 13 r~ot =qual., Thea reason 13
*hat 11N iNnCcreasi1ng trqa optical depth
i the houndary laser, “hare 15 e@nhanced
icattering between the 3aurface and the
akancsphare, «nd therefora the total

amount of =znergy absorbed at the surface
v® higher than .n the case of raducing T

1" tha boundary laver by the same amount.

B0 Ov rcreadsing the optical depth 1 the
boundary layer by an amount+4aty, . the
Calculatwd atmospheric effect is changed
Ly a factor. which 18 not the same as in
the case of reducing the optical depth 1n
the boundary layer by the same amount.
The reflectancea ara two 20 three ti1mes
more sensitiv to+Tg, than to WT.e fOrilse.os.

RD-

Calculations were made changing 9 1h
gvery laver to 0.0, G.2, 0.4,0.6 and 0.7,
The choice cf g (Fig.4 and 35) has sig-
nificant 1nfiuence on the downward flux
reaching tFe swtace and the upward flux
at the top of the atmosphere. Since the
albedo of the surface 18 very 1ow
(A=03,01%), the upward fiux from the
surface 13 nat very much i1nfluenced by
the choice of Q. The accuracy of the
Jderi ved reflectances at the surface
(Eq.1) 13 mainly 1nfluenced by the upward
$lut at the top of the atmosphere,
which shows values more than two times
higher than the reference case. The
reason for thas difference 18 that
\n reducing the farward scattering
peal and moving towards a mora 1sotropilc
phase function (g=» ), less radiation
reaches the surface and more radi-
ation s directly scattered back to
the top of the atmosphere. That means, Lf
All the other parameters are known. 9 has
to be determined very accurately to
sstinate the atmospheric effect cor-
rectly. As our calculations show, a value
of Q= ?, whlciY represeants a difference
af 7% to the reference g 1n the boundary
layer and 10% tn tha troposphere. sestill
produces errors up tc lé&% faor the surface

’

reflectance fori, 60 .

To study he 1nfluence of g on the
anqular distribution of the surface radh -
ation fuld.ﬂ\',“(uq.a) and Pl 8y 28)
were normalized e0 that the Hlutes
"W the wsurface and at the top of the
atmospharg equal ¢t respecti .e fFlu:es
lufgr i) and 1..’..(0..',.&) calcul ated
with the atmospheric parameters in the
reterence case. T™e 1nfluance of g an the

angular distributicn 13 shown 1n F13.4,
whara the relati.e difference. as defined
1n Eaq. 4, 1s plotted against the .lew
rznith angle and  averaged over all vlaw
azimuth angles. The <~hoice of g has s19-
~1fiLzant (nfluence an the angular distra -
Bubien, especialls for @ d$10°. As ane
~s3uild ecpect, the 2rror does not 1nNcrease
w1 th decreasing 4. The reason can be
3ean  fraon F19.7 . which shows how the
energy for a ~peci1fic G 15 distributed
depending 0 kthe ceni1th angle. Depending
on the form of the forward scattering
seak, morg ar less energy 13 distributed
ta lower :cenith angles, which 1n turn
affoects the azcuracy of the calculated
atmospheri1c affect.

Since € 18 very high :n the visible for
the lower &levations of the atmosph.re.
the error (RD) i1nduced by assuming S =t
158 smaller then 1% forQ, =0%and increaes
to 19% for @, =60

%. Conclusions

Forr law optical depth T £ 0.04 the model
can reproduce the radiance dtstributxon
at the surface with better than 5%
accuracy for all view cenith anqlos
and solar zenith angles smaller than &0°
The phase function, or the llymmetry
parameter g, has ¢to be kncwn vary
accurately (4 g#£210%) to determine the
total amount of energQy and to obtain the
correct angul ar reprasentation. For
atmospheres with low optical Jdespth, the
algarp1thm Qives better results when the
optical depth in the beocundary layer 18
underestimated at the cost of over-
estimating the optical dppth 1n the
troposphere.
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Fig. 11 a) simulated measured reflectance
distribution at the top of the atmosphere

b) simulated reflectance distri-
bution ("ground truth") above a confer-
rous faorest

c) derived reflectance aistri-
bution above coniferous forest, calcu-
lated with the atm, correction formalism

d) relative difference (RD) be-
tweaen the simul ated and derived re-
flectances &t the surface 1in percent
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